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INTRODUCTION 


The moose is economicaly the most important of the game species 
in Norway. In 1975 the kill was 10 000 moose. This represents 


a meat value of about 30 million N.Kr. 


The moose is a robust animal. It appears quite able to adapt 
to modern forestry practices. To some extsnt it has also 
proven possible to manipulate the populations to obtain the 
desired yield. However, the moose ecology is complicated. It 
is difficult to overview and understand all the relationships 


and to plan and manage the entire moose-forest ecosystem. 


Therefore, Norwegian big game biologists have turned their 
attention to mathematical modelling and simulation of cervide 
populations. We feel that this way of analysing may contribute 
to a better understanding and management of cervide popula- 
tions. This paper deals with some results of this work and 


also discusses our plans for the future. 
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RESULTS 


Fig. 1 roughly illustrates the “moose-forest" system. Arrows 
indicate the relations and interactions between the sub-models. 
Of these sub-models, we have finished the populations model. 
We also have a forest succession model and an energy model. 
Although these are not yet finished, it is possible to run 
them. 


The population model 


in Norway hunters are responible for 85-90% of the total 
mortality in a moose population. (Haagenrud and L¢grdahl, 

in prep) The populations are therefore controlled and regu- 
lated by hunting, and it is possible to manipulate the popula- 
tion by selective hunting in order to give the desired future 
harvests. This is one of the basic facts the model is built 
on. Every calculations in the model in principle change the 
number of animals and the sex and age structure.in the popula-- 
tion. The model contains our knowledge of moose populations 


regarding reproduction, natural mortality, sex rates etc. 


In the model reproduction is dependent on age of the females 
and can be changed from year to year based on observations, or 
can be made dependent on condition of the animals or on random 
changes. Natural mortality can be made dependent on age. Calf 
mortality can depend on the age of the mother, motherless 
calves can have higher mortality than calves which stay with 
their mother, throughout winter. We can also include weight 

of the animals in the different age and sex groups. The 

model gives printouts four times a year. The most important 


are after calving and hunting. 


As hunting is the most important mortality factor, we have 
formulated different hunting strategies which make it possible 


to "play" with the model. We can also use historical data 
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and make test simulations of a known population, or we can 


use the model to predict the development of a population. 


Fig. 3 shows an example of one of the outsprint from the 
model. This gives information on sex and age structure, 
number of animats in population and in harvest, etc. Further 


details are given by Digernes and Rusten (In press). 


The energy model 


The energy model was originally constructed for reindeer 
(Rusten 1975). It calculates the total food requirement of 
a population according to population density, activity, 
weights of the animals etc. The model calculates changes in 
body weight, reproduction and mortality. This connects the 
energy model to the population model. Lack of information 
on activity, metabolism and energy costs of the different 
activities and processes litims the informative value of 


the energy model. 


The forest-succession model 


This model has been programmed and developed by Lie (1976). 
At this stage the model calculates forest succession and 
gives information on quantity of food produced/available. 

The model should be regarded as showing principles of simula- 


tion, rather than exact values. 


The other sub-models needed are still under discussion. 
First of all these models will include a behaviour/activity 
model and a grazing/browsing model. The behaviour model 
should describe the activity, habitat preferance and grazing 
habits in different seasons. The grazing model will deter- 
mine the grazing pressure on different species and sites 
according to the grazing habits and food requirment of the 
moose. It will also report to what extent the food require- 


ment is satisfied. 
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DISCUSSION 


By this project we intend to develop a model for management 
of the moose-forest.system. This will certainly be a langthy 
undertaking. However, we will discuss here some "pros and 


cons" of this method of studying ecological systems. 


The population model has given us usefull information on 

the dynamic of moose and other cervide populations and can 
certainly be used in management. For this use we need data 
on initial size and structure, of the population and data 

on reproduction and mortality. We also need some "check 
points" for the population curve, i.e.the structure and 
number of animals in the population. Dependent on the pro- 
duction of the population, these “check points" will be needed 
every 3rd or 4th year. Every year we will also need infor-e 
mation on calf production, and on the number of animals har- 
vested in the different sex and age classes (i.e. calves, 


yearlings and adults). 


Preliminary results of studies of moose populations in 
Norway seem to indicate that some of this information can be 


collected from hunters (Haagenrud et. al. 1975). 


The energy budget of moose is totally unknown and data do 

not even exist concerning their most elementary physiological 
processes. By working with tame moose and using the research 
methods of animal husbandry, these data would be obtainable. 
A problem is the size of the moose and the difficulties in- 
volved in handling such a big animal. However, our experi- 
ence with one yearling currently in captivity at the College 


of Agriculture has given some reason for optimism. 


There is much knowledge concerning plant succession and 
production in the boreal conifer forest. However, interest 


has been concentrated on fiber production. Therefore only 
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limited information and data usable in the moose - forest 


model are available. 


Conclusion: The purpose of this project is to make a 
mathematical model for the management of moose populations. 
However, data are scanty and the value of the modelling work 


is of course dependent on these. 


An important question in this connection is the strategy of 


the modelling work. This we can present in two ways: 


1) Postpone model work until sufficient data have been 
collected. 


2) Build the model on general information, available data 
and guessing. The model may then be used to determine 
which data are most urgent and which are of lesser 
importance, as well as the accurancy needed for a parti- 
cular set of data, in other words the priorities of 


* research. 


Our question is whether we today have enough “hard data" 

on moose behaviour, food requirements, energy expenditure 
and habitat food production to defend this type of total 
model approach at all? Maybe we do not need a complicated 
and expensive model to guide our data collecting work these 


first years? 


>, 
> 


ips oe AA 


4 
sp 
, 
: n x " be hw 
q + ¢ he ny HAS BOSS Re c) 
y: \ ‘ i Fy aut Whi a. ‘ , ioe) 
: . yt > 4h fi " sh 
ie » s 2 
’ on Swi a 
a CA ee Le f 
‘ ' fe : ; 
Ly Ss me = 
Ci en 
: Pat ae feos 
: Sere 
meer sy 
, 
2 wooed Pa ‘ s. e “ee 
ees si 
y t wy ge " ba 
' , ‘ ae : i 
° 
“ : 
7 z 4 
. ’ 7 , oF ote A ' 
’ 3 . 
hx + 
ms > 
' * antl +) Z 
a a ee 
F 
‘ ° ae . ered 
6 4 
. ie ee i ; 
: oa t 1) oe : 
4 4 
$ ° 
‘ea va n 
‘ or 
. 
¢ ¥ 4 " fey . 
Iq iat ut 1 oo a ¥ “ 
ae ‘ at : Bo 
re « R 
= i" 
* ’ 
= ie 
Mee ; 
oe tas 
¢ 
| De . + 
. Sirvqe a st, z 9 
5 al 
i f } Lh (its mw eas 
j is : . P ; 
3h [rom be : 
{ 
g 
‘yt } | 
i y 
¥ ‘ 4 4 7 ‘ 
, F 4 rer he, bw «et 
i 
: Hi iG , 
is <i i : hi % 
Be ; 
: i ¢ é 
. t , ey ony : y 
: ’ : ey 2 
# : F 
! = . ab ante pene ee ; 
; - . f } prs Pee i ; 
i he dé 
) 4 + 
ee at » a ‘ 
‘ f vi ; 
ca ¥ *Y — m c ied ot NP a 2 
are rt 
; 4 - 
c ; rar P 
’ m P < ” ye in a 
7 tl < - 
‘ 
4 
7 ce * *e ° 
. ie) 4 mite ¢ £2 wer 


aul ; ee ake ope > 4 : as 


LITERATURE CITED 


BS, K., I. Lie and P. Rusten 1976: Modellprosjektet Elg- 
skog. En foranalyse. RUNIT, Trondheim. 54 pp. 


Digernes, T. 1973: A simulation model for cervide herds. A 


preliminary report. RUNIT, Trondheim. 42 pp. 


Digernes, T. and P. Rusten (in press): Simuleringsmodell for 
populasjonsdynamikk i hjortedyrbestanier. 
RUNIT, Trondheim. 


Haagenrud, H., M. Haker and L. Lérdahl 1975: Elgundersé*elsene 
i Grane, Vefsn og Hattfjelldal 1967-1975. 
Direktoratet for vilt og ferskvannsfisk, As-NLH. 
Mimeo 41 pp. 


Haagenrud, H. and L. Lgrdahl (in prep): Sex differential in 


population of moose in Norway. 


Lie, I. 1976: Vegetasjonssuksesjonsmodell i elgikologisk og 
skogbruksmessig sammenheng. Thesis. University 


of Trondheim. 


Rusten, P. 1975: Krav og tilfredsstillelse av reinens energi- 
balanse som en del av en simuleringsmodell for 
forvaltning av villreinstammer. Thesis. 


University of Trondheim. Mimeo 65 pp. 


wee ae: 
Py Riles 
Ch 


(od tontutectatiohom 20082 pasa 7 ‘ots 


=v, ih el ; 

iz : ae fi 

dq bh? .minabnoat. (PMR , peed aeng tat ng goa OT! 

é 1 7 Papeete & ’ ¥c)} ; t 4h cynt th aicanal | A TENOL Tt | 
Criva .ceaqen yrechmkbetg 


oe i 


or. Bcow owes +4 ferak i ( ower ink) Ces aA af bas m. . ® 
ra i AukinarvbesokeaLagog Pe ae 


| | rikodheoeh, 2TW08 
BF i ae ; teprgol wih ae en rd % H. » bar bad aT 


Chae Sel ee. AION 4 GTR 


eA 2 | yo diky, 20 Setqnogiioste 
2 : a i Ah QomeM 
fie ene ee Date iy ree | 


» i yortey mi} cmebenat st Pea, ef cee 8 : vie Os 
rewroW OUk gates © ao iS Hataaon ; 4 ‘ 


finbonahtokaor Drianctaatee’ . “ener Be “ . 
A . eieaiinh® 2 Sea patted ote, i 
a ae hy 7 coecnmn SORE. WSs ee alias 
i Sie me go Mig 2 et | ‘ie Ty 


nter ve oslotiisaie — ye ela ave 01 et 
saa, gitretvete oo + teh Je aaneiad , 
2 bist ome a ne 
we ed Oot . Pry | beat cert ao ee ‘a 


Fe Ee eH A HAA AE ERAT IR EAE EE RE EEE ERR EEL ERLE EEE 


TRUFLLDAL * 
Be rank em R EAHA SERRE HAE EE RAS EAARE ATES EERSTE EES 


aT FROM YEAR 1975 REFORE HUNT 


SEX STRUCTURE 
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Fig 1. A rough illustration of the sub-models and the 
relations between those which may compose the 
first step in a moose —- forest model. 
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